Purpose: The quality of problem representation is critical for developing students' problem-solving abilities in problem-based learning (PBL). This study investigates preclinical students' experience with standardized patients (SPs) as a problem representation method compared to using video cases in PBL. Methods: A cohort of 99 second-year preclinical students from Inje University College of Medicine (IUCM) responded to a Likert scale questionnaire on their learning experiences after they had experienced both video cases and SPs in PBL. The questionnaire consisted of 14 items with eight subcategories: problem identification, hypothesis generation, motivation, collaborative learning, reflective thinking, authenticity, patient-doctor communication, and attitude toward patients.
Introduction
It is apparent that problem-based learning (PBL) is one of the most widely adopted pedagogical methods around the world [1, 2, 3] , although scholars still hold different views on the effectiveness of PBL in medical education [4] . The six characteristics of PBL described by Barrows [5] -(1) student-centered learning, (2) small group learning, (3) learning with the tutor as a facilitator or guide, (4) using authentic problems, (5) problems used as tools to achieve the required knowledge and problem-solving skills, and (6) self-directed learningare highly aligned with the goals of contemporary medical education as well as other disciplines in professional and higher education including Business, Education, Nursing, the Arts, Science, and Pharmacy [6] .
The quality of problem representation is critical for developing problem-solving skills [7, 8] . Consequently, problem representation in PBL is essential for students to recognize clinical context and to identify patients' problems. The different methods of problem representation, which include the traditional paper cases, newspapers, clippings, audiotapes, video recordings, computer software, standardized patients (SPs), and real patients [9] may influence learning and the performance of medical reasoning in PBL differently. Unlike paper cases that represent problem situations in a written format, video cases and SPs can commonly preserve original language and nonverbal information, avoid depersonalization of the patients, and increase students' motivation to solve clinical problems [10, 11, 12] . Although video cases could increase authenticity in PBL, it also showed a lack of dynamic interactions, as the students tend to be passive gatherers of patients' data from video. Authors assumed SPs could overcome this shortcoming by having students actively engaged in interacting with SPs to collect patients' data. Thus, the purpose of the current study is to investigate students' learning experiences with using SPs as a problem representation method compared to using video cases in PBL.
Subjects and methods
Research settings
Among a total of 41 medical schools in the Republic of Korea, over two-thirds of them have adopted PBL in their curriculum [1] . Inje University College of Medicine (IUCM) is one of the leading institutions that have actively advocated and implemented PBL for over a decade in the Republic of Korea. In 1996, IUCM implemented four 2-week-long PBL modules which had been adapted from the PBL model of the University of Newcastle, Australia. IUCM has expanded the PBL curriculum to comprise up to one-fifth of the entire 2-year preclinical curriculum over time. This expansion of the PBL curriculum was the first attempt among large medical schools in the Republic of Korea. IUCM has a student body of over 600 under an established traditional subject-centered curriculum for 2 years of premedical and 4 years of medical education.
In the spring semester of 2013, IUCM made a transition from video cases to SPs as the primary method of presenting clinical problems in PBL as a result of recognizing the importance of medical students' earlier exposures to authentic experiences with patients. Thus, the current study was conducted during this transition with the practical purpose of investigating students' responses to PBL using SPs.
Participants and data collection
A total of 99 second-year preclinical students at IUCM participated in this study. The 2-year preclinical curriculum of IUCM is based on an organ systems-based curriculum, in which each block begins with a 1-week PBL module followed by integrated lectures, computer-assisted case-based learning, and multiple assessments. Throughout the first year of the preclinical curriculum, the participants learned the pathophysiology of common clinical presentations, growth and aging, infection, hemato-oncology, the gastrointestinal system, the cardiovascular system, and the respiratory system. The participants also had experience with PBL using video as a problem representation method with complementary paper data about patients' laboratory results and radiologic findings during this first preclinical year. The participants were then introduced to two PBL sessions during their second preclinical year, titled the "Kidney and Urinary Tract" and the "Endocrine System and 
Instruments
The questionnaire consisted of 14 items which were divided into eight subcategories: problem identification, hypothesis generation, motivation, collaborative learning, reflective thinking, authenticity, patient-doctor communication, attitude toward patients (empathy & responsibility). The questionnaire is included in Appendix 1. 
SP-based PBL procedure

Video-based PBL procedure
The same students had completed six sessions of video-based PBL related to growth and aging, infection, hemato-oncology, the gastrointestinal system, the cardiovascular system, and the respiratory system, before 
Statistical analysis
For the statistical analysis of the collected data, paired t-tests were employed to compare the difference in the subcategories between video-based and SP-based PBL. 
Discussion 1. Limitations of using either video cases or real patients in PBL
In order to heighten authenticity in the presentation of clinical problems, video cases and real patients are the two primary methods of instruction that have been considered. Replacing paper cases with video cases certainly improved students' data exploration, theory building, and theory evaluation [10] , although the passive learning experienced by watching one's history taking and physical examination on video could mislead students to superficial thinking rather than deep thinking [13] .
The highest authenticity of clinical problems can be achieved by interacting with real patients, who arguably have great potential to engender authentic deep thinking in PBL [12, 14] . However, arranging for real patients in PBL is a challenge, and using them may lead to ethical
issues. An additional consideration is that, while untrained real patients may not be efficient for learning in a PBL setting, real patients could be essential resources for bedside teaching and observation through which students can learn history taking, physical examination, and communication skills [14] .
Using SPs in PBL
Compared to real patients, SPs can be more manageable for education [15, 16] . SPs would promote a smoother transition from textbook knowledge to active knowledge in clinical situations and even allow students to practice with simulated situations under difficult and sensitive medical conditions that might not be accessible otherwise. SPs can be controlled for educational purposes so that the instructor can design interactions between SPs and students to promote intended learning outcomes. The use of SPs shows advantages in learning history-taking abilities [17] , clinical skills in ambulatory care settings [18] , and communication skills [19] .
SPs compared to case videos in students' experiences during PBL
The results of the current study reveal that using SPs in PBL is preferable to using case videos for students to gain communication skills in order to develop patientdoctor relationships, to experience the authenticity of presented cases, to cultivate a good attitude toward patients, and to increase motivation at a large effect-size level (d>2). The preference for using SPs over using video cases was also observed in promoting reflective thinking and in facilitating meaningful small group discussion at a small effect-size level (d<1). This superiority of SPs over video cases in these experiences implies that preclinical students could have a meaningful level of authentic experiences with patient-doctor interactions through SPs. Well-trained SPs could meaningfully interact with students in a way that provides first-hand experiences with patient-doctor relationships and can help to develop a proper attitude toward patients during history taking and physical examinations. These are unique advantages in SP-based PBL differentiated from that in video-based or paper-based PBL.
Increased realism in problem representation may motivate students, as Chan et al. [11] have reported that video-based PBL outperformed paper cases in increasing students' motivation to learn. Likewise, the current study shows that SPs in PBL triggers a stronger motivation to learn than video cases. In addition, the results indicate that using SPs leads students to exhibit more reflective thinking and meaningful collaborative learning than video cases. elaborate on given problems and to generate hypotheses as an initial part of the hypothetico-deductive reasoning process, and in helping students to understand medicine in real-world contexts.
Shortcomings in using SPs
Using SPs in PBL has at least three major shortcomings [15, 16] . First, it puts high demands on human resources, on finances, and on time for proper preparation and implementation. Secondly, it is difficult to maintain consistent high-quality learning experiences for students due to the complexity of compounding factors, such as SPs' experience level, SP training, tutor's experience with SPs and tutor training, and available learning resources and support. Lastly, some clinical problems are difficult to be presented by SPs, such as identifying a mass, edema, red eye, buffalo hump, pitting edema, and heart murmur.
Optimal use of SPs in a medical curriculum
Although the current study shows significant benefits in using SPs over video cases in PBL, the afore- 
Limitations and recommendations for future research
The current study had several limitations. First, the sequence of the participants' experience was video-based PBL during their first preclinical year and SP-based PBL in their second preclinical year. This arrangement might have a temporal bias and maturation effect. In addition, different topics were used for video-based PBL (e.g., growth and aging, infection, hemato-oncology, the gastrointestinal system, the cardiovascular system, and the respiratory system) and SP-based PBL (e.g., kidney, urinary tract, endocrine system, and nutrition), respectively. Different learning contents might interact with the methods of problem representations in PBL and might lead to different learning experiences. Lastly, the results of the current study were based solely on students'
self-reported learning experiences. Thus further research needs to consider employing counterbalanced experimental designs in order to control the identified potential biases and measuring students' learning outcomes beyond collecting student perceptual data.
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